spores when nutrients become scarce. In their terrestrial habitats, the bacteria encounter 23 diverse conditions. Presumably so that the bacteria can cope with those conditions, the 24 chromosomes of streptomycetes are highly dynamic, varying greatly in structure not only 25 between species but also between closely related strains of a single species. The bacteria also 26 have large numbers of extracytoplasmic function (ECF) sigma factors, which undoubtedly help 27 the microorganisms respond to the plethora of challenges coming from the environment. This 28 work illustrates these two threads of Streptomyces biology dovetailing: Genetic adaptability 29 through horizontal gene transfer seems to have enabled Streptomyces coelicolor to acquire a 30 self-contained transcriptional unit that consists of an ECF sigma factor and its regulon. The 31 suggested facile movement of the regulon between microbial hosts indicates the value of the 32 metabolism of small molecules possibly mediated by the regulon. 33
Introduction 35
Researchers began studying Streptomyces genetics in the second half of the 20th century 36 because of the filamentous morphologies and biosynthetic capacities of the bacteria [1] . Many 37 of the Streptomyces strains that were studied belong to a group of closely related "blue" 38 streptomycetes that had been given various names, but probably should all have the same
The ECF sigma factor encoded by SCO3450 belongs to the subgroup ECF01 as classified by 78
Thorsten Mascher and colleagues in 2009 [14] . This subgroup includes RpoE-like sigma factors, 79 of which the best studied is  W of Bacillus subtilis. Members of the ECF01 subgroup are widely 80 distributed throughout bacterial phyla, but are absent in most actinobacteria, the phylum 81 which includes the genus Streptomyces [15] . ECF01 sigma factors have been characterized 82 experimentally to be involved in responses to envelope stress and the production and 83 detoxification of antimicrobial compounds [14] . 84 85
Results and Discussion 86
Genomic Island 6 encodes an ECF sigma factor and the regulon of the sigma factor 87 Table 1 lists the five wild type Streptomyces strains that we studied that lack GI 6 [10]. 88 89 Fig. 1 shows the boundaries of GI 6 (the left-hand columns) and the levels of transcripts, as 90 measured by microarrays, after artificial induction of SCO3450 in the strain S. coelicolor M600 91 growing exponentially in a liquid culture (the right-hand columns) [16] . Fifteen minutes after we 92 induced the sigma factor, transcripts of approximately one-fourth of the genes in GI 6 increased 93 in abundance. The genes numbered ~26: SCO3437 and SCO3442-3465; SCO3478 is an induced 94 gene located 14 kb away from the other genes. Cross-hybridization does not explain the result 95 for SCO3478 because the gene, which encodes a dehydrogenase, lacks sequence similarity toother S. coelicolor genes. SCO3450 is located among the induced genes ( Fig. 1, arrow; Fig. S4 ). 97
Together these data suggest that the ECF sigma factor and its regulon are a self-contained 98 transcriptional unit that can be transferred by horizontal gene transfer. 99 100 To our knowledge, the only other example of an ECF sigma factor and its regulon appearing to 101 be transferrable by horizontal gene transfer is the system for cobalt and nickel resistance in the 102 bacterium Cupriavidus metallidurans CH34 [18, 19] . There, the plasmid pMOL28 contains six cnr 103 genes that are organized in two adjacent operons of three genes each. The gene cnrH encodes 104 the ECF sigma factor CnrH. Deletion and complementation of cnrH indicated that CnrH is 105 essential for the regulation of the cnr system. When CnrH was present but the periplasmic 106 sensor CnrX and the anti-sigma factor CnrY were absent, high-level constitutive expression was 107 observed for the cnr genes [18] . SCO3460 and SCO3478 do not possess the highly conserved promoter regions (see Fig. S4 ). In 127 addition, that SCO3438 has the conserved promoter regions supports the notion that this gene 128 belongs to the regulon of the ECF sigma factor. In Fig. 1 , the lack of data for SCO3438 from all of 129 the microarray hybridizations indicates that its spot on the microarrays was functioning poorly. 130
131
The regulon of the ECF sigma factor encodes putative enzymes for small molecule metabolism 132
Recently we updated the annotations of the regulon of the ECF sigma factor by using 133 Table 2 lists the types of enzymes encoded by the regulon of the ECF sigma factor. The table  141 excludes SCO3461 and SCO3462, because they lack gene expression data ( The following pairs of genes have no significant similarity, such that no cross-hybridization on 170 the microarrays should have occurred: SCO3452 and SCO3449, which encode the 171 methyltransferases; SCO3443 and SCO3460, which encode the oxidoreductases; and SCO3464 172 and SCO3465, which encode the nucleotide-diphospho-sugar transferases (Table 2) . 173
Two genes that possibly encode anti-sigma factors flank SCO3450, the gene encoding the ECF 176 sigma factor. The gene product of SCO3451 encodes a 103-amino-acid protein. A UniProt BLAST 177
shows that the protein has approximately 40% identity with varying coverages to putative anti-178 sigma factors of other bacterial species, including putative transmembrane anti-sigma factors. 179
The Constrained Consensus TOPology (CCTOP) prediction server [28] predicts with a reliability 180 of 95.9069 that SCO3451 encodes a protein with one transmembrane segment (Fig. S5) . The 181 gene product of SCO3451 also contains a putative zinc-finger found in some anti-sigma factor 182 proteins (Fig. S6 ). This zinc finger domain overlaps with the predicted transmembrane domain. In addition to the regulon of the ECF sigma factor, we updated the annotations of the other 213 genes of Genomic Island 6 by using EnsemblBacteria and UniProt BLASTS (Table S2 ). In the 214 table, the location of the regulon is denoted by the words "REGULON HERE." 215
The length of GI 6 is 108 kb. The genomic island consists of four segments of DNA bounded by 217 transposases (Table S2 , pink color). Three of the four segments have coherent putative 218 functions: the oxidation and reduction of copper (Table S2, 
224
The coherent functions of at least three of the four segments of GI 6 indicate that significant 225 portions of the island might be "active." If so, the regulon of the ECF sigma factor is likely active 226 as well. While a nucleotide blast of the regulon of the ECF sigma factor yielded no similar 227 segments of DNA in other sequenced organisms, the value to S. coelicolor of the regulon for as-228 yet unknown reasons is indicated by the presence of the regulon on a genomic island. It would 229 be interesting to determine how common the regulon is among natural populations of 230 microbes and whether the regulon moves easily between hosts. 231 232
Materials and Methods 233
Construction of a S. coelicolor strain that overexpresses SCO3450 234 SCO3450, the gene which encodes the ECF sigma factor harbored by GI 6, was amplified by PCR 235 and cloned into the conjugative plasmid pIJ6902 [32] by using the restriction sites NdeI and 236 
DNA microarray experiments for the overexpression strain 258
Samples of cDNA were synthesized from total RNA as described previously [34] . cDNA of the 259 reference sample was labeled with Cy3-CTP. cDNAs of the samples isolated at subsequent time 260 points were labeled with Cy5-CTP. The cDNAs were hybridized to microarrays as described 261 previously [34] . Table 1 for a list of the strains used to identify GI 6. To obtain the data in the 394 figure, we used DNA microarrays that contained the 7825 predicted genes in the chromosome 395 of S. coelicolor M145 [17] . For the left-hand columns, the maximum intensity of green 396 corresponds to a 3-fold difference in signal on the microarrays for DNA in S. coelicolor M145 397 relative to DNA in the wild type strains. SCO3450 was overexpressed in an exponentially 398 growing liquid culture (SMM) of a S. coelicolor M600 derivative, through the use of a 399 thiostrepton-inducible promoter [16] . RNA was harvested from the culture immediately prior to 
